A novel dry sheet culture method (Sanita-kun ACplus; SkACp) for rapid enumeration of total viable count has been developed. This rehydrated plate system comprises an adhesive sheet, nonwoven fabric coated with nutrients, and two types of water absorption polymers. In addition, SkACp facilitates methods for both rapid count (rapid mode: 24-h incubation) and accurate enumeration (standard mode: 48-h incubation) because it not only contains conventional 2,3,5-triphenyltetrazolium chloride but also contains two kinds of new tetrazolium salts for rapid and accurate enumeration of total aerobic count. When SkACp was assessed with 91 microorganisms, 87 strains (95.6%), excluding lactic acid and psychrotrophic bacteria, formed redcolored colonies within 24 h, whereas all microorganisms tested formed colonies within 48 h. The SkACp method, with both 24 and 48 h of incubation, was compared with plate count agar (PCA) and 3M Petrifilm AC (PAC) by using 107 naturally contaminated foods. For all foods tested (n ¼ 107), the linear correlation coefficients of 48-h counts on SkACp compared with PCA and PAC were 0.98 and 0.75, respectively, while the 24-h counts on SkACp compared with PCA and PAC were 0.77 and 0.96, respectively. For foods tested, excluding yogurt and lactic beverages (n ¼ 101), the linear correlation coefficients of 48-h counts on SkACp compared with PCA and PAC were 0.98 and 0.96, respectively, while the 24-h counts on SkACp compared with PCA and PAC were 0.96 and 0.95, respectively. These results demonstrated that SkACp (48 h) is a useful alternative for the enumeration of the total aerobic count for all foods, whereas SkACp (24 h) was also an effective method for rapid enumeration in foods, excluding yogurt and lactic beverages.
To determine the total viable count, estimation of food quality and cleanliness of the processing environment is necessary. In recent years, several ready-to-use dry culture methods have been developed to facilitate test operation and have been evaluated as useful alternatives to the plate count agar (PCA) method (1, 3, 7) . However, these methods require 48 h of incubation for the determination of the count, as well as PCA, although they do contain conventional 2,3,5-triphenyltetrazolium chloride (TTC), a color redox indicator for the detection of the total viable count. In addition, the demand for the rapid enumeration of the total viable count has been increasing with the development of distribution methods. In consideration of the abovementioned points, a novel dry sheet culture method for both rapid and accurate enumeration of the total viable count (Sanita-kun ACplus, SkACp; JNC Corporation, Tokyo, Japan), has been developed. This rehydrated plate is based on the Sanita-kun system and comprises an adhesive sheet, transparent cover film, nonwoven fabric coated with nutrients, and two kinds of water absorption polymers (12) . In addition, SkACp contains both conventional TTC, as well as uniquely synthesized 2,5-diphenyl-3-(2-nitrophenyl)-tetrazolium chloride and 2-(4-methoxyphenyl)-3-(4-nitrophenyl)-5-phenyl-tetrazolium chloride as color redox indicators for the rapid enumeration of the total viable count. Therefore, SkACp facilitates two methods, namely a 24-h incubation for rapid enumeration and 48 h of incubation for accurate enumeration. The aim of the current study was to evaluate the performance of SkACp within both 24 and 48 h of incubation as a new alternative for the enumeration of the total viable count.
MATERIALS AND METHODS
SkACp. After opening the transparent cover film, 1 ml of the sample was inoculated onto the nonwoven fabric sheet. Redcolored colonies (Fig. 1 ) appeared on the medium sheet after 24 or 48 h of incubation at 358C.
Growth comparison study. This study was conducted using 44 gram-negative and 39 gram-positive bacterial strains, as well as six yeast strains and two mold strains, as shown in Table 1 . Bacterial strains were cultured on tryptic soy agar (Difco, BD, Sparks, MD) for 24 h at 358C. Yeast strains were cultured on Sabouraud dextrose agar (Difco) for 72 h at 258C. After mold strains were cultured on Sabouraud dextrose agar for 7 days at 258C, each spore suspension was washed and recovered by using sterilized saline (0.85% NaCl) with 0.1% Tween 80. The recovered spore preparation was then filtered through sterilized cotton gauze to remove mold hyphae fragments. Each microorganism was Food samples. For the method comparison study, 107 naturally contaminated food samples were purchased from retail stores in the City of Yokohama. The samples included 20 meat products, 20 seafood products, 12 vegetables, eight fresh fruits, six delicatessen products, four dough products, three noodle products, three dry fruit products, two spices, three pickle products, three grain powders, three confectioneries, two milk samples, 12 cheese products, four yogurt products, and two lactic beverages.
Method comparison study. Each 10 g of sample was mixed with a ninefold volume of Butterfield's phosphate buffer in a plastic bag (AZmax, Chiba, Japan) and homogenized for 90 s using a homogenizer (Masticator 400S, IUL, S.A., Barcelona, Spain). Each sample was subjected to a 10-fold serial dilution in Butterfield's phosphate buffer. Comparative analyses were then conducted according to the procedures described in the following. For the reference method analysis, each 1-ml sample was inoculated into a sterilized petri dish and then mixed with molten PCA and cooled (508C), according to the Bacteriological Analytical Manual of the FDA. Each 1 ml of sample was inoculated onto SkACp and PAC. After 24 and 48 h of incubation at 358C, colonies on SkACp were counted. For the PCA and PAC methods, colonies on each medium were counted after 48 h of incubation at 358C.
Statistical analyses.
The results from the method comparison study were converted into log CFU per gram. All statistical analyses were conducted by using Microsoft Excel 2003 at the significance level of P ¼ 0.05. The liner correlation coefficients (r), slopes, intercepts, 95% confidence limits, and mean log CFU with standard deviations (SDs) for all comparisons were calculated. A one-way analysis of variance (ANOVA) was performed to determine the differences between SkACp and each compared method.
RESULTS AND DISCUSSION
To assess the performance of SkACp, 44 gram-negative and 39 gram-positive bacterial strains, as well as six yeast strains and two mold strains were inoculated onto SkACp, as shown in Table 1 . At 24 h of incubation at 358C, 42 (95.5%) gram-negative and 37 (94.9%) gram-positive bacterial strains, as well as six (100%) yeast strains grew and formed red-colored colonies on SkACp. Additionally, both mold strains grew on SkACp; however, they formed pale-colored colonies. Counts of 41 (93.2%) gram-negative and 31 (79.5%) gram-positive bacterial strains, as well as six (100%) yeast strains and two (100%) molds strains from SkACp (24 h) were comparable to those of PCA and PAC (both 48 h). Pseudomonas stutzeri, Yersinia enterocolitica, Lactobacillus plantarum, and Leuconostoc citreum failed to grow on SkACp within 24 h. In addition, counts of Pseudomonas fluorescens, Enterococcus hirae, Micrococcus luteus, Staphylococcus capitis, Staphylococcus cohnii, Staphylococcus delphini, and Streptococcus thermophilus from SkACp (24 h) were 1 to 2 log lower than those of PCA and PAC. At 48 h of incubation, all tested microorganisms grew and formed red-colored colonies on SkACp, as well as PAC. Counts of all tested microorganisms from SkACp (48 h) were equivalent to those of PCA and PAC. Bacteria that failed to grow on SkACp within 24 h could be separated into two groups, as described in the following. P. stutzeri and Y. enterocolitica are known as psychrotrophic bacteria (2, 9, 10), whereas L. plantarum and L. citreum are known as lactic acid bacteria (11) . The slow detection of these strains was due to suboptimal temperature for their growth because these strains prefer comparatively lower temperatures (9, 10, 11) . This result indicates that counts for microorganisms, excluding psychrotrophic and lactic acid bacteria, can be enumerated by SkACp within 24 h. Therefore, it is suggested that SkACp with 48-h incubation is sufficiently comparable to both reference methods, and SkACp with 24-h incubation shows potential as a method for the rapid enumeration of viable microorganisms, excluding psychrotrophic bacteria and lactic acid bacteria.
In a comparison of methods, SkACp (48 h) and PCA could enumerate microorganisms from all tested food. In contrast, both SkACp (24 h) and PAC failed to detect microorganisms from two yogurt samples and two lactic beverages. The correlation coefficients, slopes, intercepts, 95% confidence limits, and mean log CFU with SD of total viable counts recovered from all 107 food samples are shown in Table 2 . The correlation coefficients (r) between SkACp (24 h) and PCA, SkACp (24 h) and PAC, SkACp (48 h) and PCA, and SkACp (48 h) and PAC were 0.77, 0.96, 0.98, and 0.75, respectively. The slopes and intercepts determined by liner regression analysis between SkACp (24 h) and PAC (slope: 0.95; intercept: À0.19) and SkACp (48 h) and PCA (slope: 0.99; intercept; 0.08) were close to 1.00 and 0.00, respectively. There was no significant difference (P . 0.05) in the counts between SkACp (24 h) and PAC and SkACp (48 h) and PCA. The 95% confidence limits for all comparisons were 60.47. The mean log CFU 6 SD for SkACp (24 h), SkACp (48 h), PAC, and PCA were 3.96 6 2.48, 4.46 6 2.51, 4.36 6 2.50, and 4.63 6 2.49, respectively. Unexpectedly, SkACp (24 h) showed a good correlation with PAC, whereas SkACp (48 h) showed a good correlation with PCA. SkACp (24 h) and PAC were not able to detect lactic acid bacteria from yogurt and lactic beverages, although SkACp (48 h) and PCA could detect these bacteria. Perhaps, these differences of correlation were due to the recovery of lactic acid bacteria from yogurt and lactic beverages. Additionally, tetrazolium salts do not readily form color under acidic condition (8) . It is, therefore, suggested that slow recovery of lactic acid bacteria is due to acid production of these bacteria.
The correlation coefficients, slopes, intercepts, 95% confidence limits, and mean log CFU with SD of total viable counts recovered from 101 food samples, excluding yogurt samples and lactic beverages are shown in Table 3 . The correlation coefficients (r) of SkACp with both references were equal to or higher than 0.95, regardless of incubation time. The slope and intercept determined by liner regression analysis for all comparisons were closer to 1.00 and 0.00. There were no significant differences (P . 0.05) in the counts for all comparisons. These results indicated that SkACp with 24 h and 48 h of incubation had an excellent correlation with both PCA and PAC in foods, excluding yogurt and lactic beverages.
Several tetrazolium salts based on conventional TTC were synthesized for the development of this rapid enumeration plate for the total viable count. It is reported that TTC has a toxic effect to gram-positive bacteria, in particular (4, 5) . Additionally, Junillon et al. (5) reported that 0.2 g/liter TTC in liquid medium is the optimal concentration for visualization without inhibitory effect. There was no microorganism inhibited in this study, as shown in Table 1 . It suggested that SkACp has no inhibitory effect to growth of microorganisms because the concentration (0.07 g/liter) of total tetrazolium salts in SkACp is lower than that they reported. Results of the current study indicated that the total viable count could be enumerated using SkACp within 24 h in foods, excluding yogurt and lactic beverages. In addition, SkACp with 48 h of incubation can provide an accurate total viable count and can act as a reference method. SkACp is an efficient method in the distribution for food processing facilities because SkACp can provide results at the same time that the results of other items, such as coliforms, are available. The results of the current study demonstrate that SkACp is not only an effective method for the rapid enumeration of the total viable count in foods but also a useful alternative to the conventional plate count method in the Bacteriological Analytical Manual of the FDA.
